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SURCHARGES

SURCHARGE LOADS

A surcharge load is any load which is imposed upon the surface of the
soil close enough to the excavation to cause a lateral pressure to
act on the system in addition to the basic earth pressure. Groundwater
will also cause an additional pressure, but it is not a surcharge load.

Examples of surcharge loads are spoil embankments adjacent to the
trench, streets or highways, construction machinery or material
stockpiles, adjacent buildings or structures, and railroads.

72 psf

A soil surcharge load 4' or less
in height will not need to be con-
sidered if the load is positioned
to the right of the assumed*
failure plane as shown. With
higher, irregular, or sloping em-
bankments it will be necessary to
consider all loads acting on
wedges used in the Trial Wedge
analysis.

This surcharge load results in a
uniform lateral pressure of 72
psf. It shall be used when making
an engineering analysis of all
types of shoring systems. This
surcharge is intended to provide
for the normal construction loads
imposed by small vehicles, equip-
ment, or materials, and workmen
on the area adjacent to the trench
or excavation. It should be added
to all basic earth pressure
diagrams. Thisminimum surcharge
can be compared to a soil having
parameters of       = 109 pcf and Ka
= 0.33 for a depth of 2 feet
[(0.33)(109)(2) = 72 psf]

Surcharge loads which produce lateral pressures greater than 72 psf
would be used in lieu of the prescribed minimum.
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SURFACE LOADS

Any number of surcharge loads can be added to the soil pressure diagram
as long as they are analyzed by a proper and proven method. The
Boussinesq Strip is one such method and can be used for all surface
surcharge loads (unless the load is treated as a soil embankment).

There are formulas for line and point load surcharges. See the USS
Steel Sheet Piling Design Manual. The strip formula can be used sat-
isfactorily for most situations.
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BOUSSINESQ STRIP FORMULA
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SURCHARGES

CONDITION 2

Building, Highway and similar surcharge loadings cannot be limited
to the width of the soil failure wedge.

*Note: Soil pressures would be the same for both conditions.
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A very-wide uniform-load causes an equal&crease in pressure at all
depths. This is represented by a rectangular pressure diagram.

Convert to trapezoid pressure diagram: PA1 = (0.8)(475) = 380 psf.
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A uniform load can also be represented by an equivalent height of soil.
The height of the original excavation is increased by an amount equal
to the surcharge pressure divided by the density of the soil.

6-7



CALIFORNIA TRENCHING AND SHORING MANUAL

A recurring shoring problem involves embankments, spoil piles, or
surcharge loads adjacent to the excavations which must be considered
in the shoring design.

Conventional analysis (Rankine, Coulomb, or Log-Spiral) should be
used for slopes with angles equal to or less than the soil internal
friction angle   

Irregular embankment slopes cannot rationally be converted to the
conventional slope analysis method depicted above. Irregular
embankment sloping conditions should be analyzed by the Trial Wedge
method.
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SURCHARGES

TRIAL WEDGE

The trial Wedge Method is semi-graphical. It is applicable to 
irregular slopes and varying soil strata.

ST = P (Total resultant force on system): scales = 11,000 Lb
PH (Horizontal component) = (11,OOO)(cos 15

o) = 10,625 Lb
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PROCEDURE FOR TRIAL WEDGE SOLUTION

1.

2.

3.

4.

5.

6. Compute the individual wedge weights (sea previous sheet).

7. Plot, at a convenient scale, the accumulative wedge weights on
AY, down from A (Lb),

8. Draw AZ at angle    from AX.

9. From AZ, draw rays duplicating those drawn in 5 (AB, AC, etc).
The arc distances from AO to each ray is equal to the arc
distances from AZ to each duplicate ray.

10.

11.

12.

13.

14.

15.

Plot wall and soil profile (ABCDEF).

Draw AX perpendicular to back of the wall or system.

Draw AY vertical.

Draw an arc from AO to AP (any convenient radius).

Draw rays through break points arid any selected intermediate
points (AB, AC, etc) to intersect arc drawn in 4.

Draw lines at an angle equal to 6 from the wedge weight points
along AY to their respective rays drawn in 9.

Plot a curve intersecting the points from 10.

Establish a point of tangency "T" (with a line parallel to line
AY) to that portion or the curve furthermost from line AY.

Establish point "S" by sketching a line from point "T", parallel
to the lines delineated in step 10. Measure between points S
and T, using the same scale used to plot wedge weights, to get
the resultant force acting on the shoring at the angle 6.

Resolve to the appropriate pressure diagram, which will be
dependent upon soil and system type.
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COMPARISON OF TEE VARIOUS METHODS
USED IN DETERMINING LATERAL SOIL PRESSURES 
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SUMMARY OF RESULTS - UNIFORM SLOPING EMBANKMENT
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SURCHARGES

IRREGULAR SLOPED SURCHARGE

As previously  stated, the only rational solution for treating
irregular sloped embankments is by the Trial Wedge method. Othermeans
have been employed, but as the following pages show they are incorrect
and should be avoided.

EXAMPLE 11:
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EXAMPLE 2:
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In determining -lateral earth pressures for embankments  with a con-
stant slope the Log-Spiralmethod is the easiest and most preferred.
solution. The table on the following page compares the Log-Spiral
method and two of the more common "shortcut" solutions. From this
table it can be seen that the difference between these methods and
the more theoretically correct solution (Log-Spiral) can be quite
large depending on the parameters used.

As the ratio between the embankment slope angle    and the soil
internal friction angle      increases, so does the difference between
the various methods. When this ratio approaches 0.8, the difference
becomes significant. For all practicality when the ratio is 0.6 or
less, the slope condition can be treated as a level surface as shown
below and by the comparison table on page 6-21. This leaves only a
small range where these "shortcut " methods are of any value. Since
this is not very practical and as the Log-Spiral method is quite easy
to employ, these other methods will not be used for analysis or review.
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CONSTANT SLOPE EMBANKMENT
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Traffic near  an excavation is one of the more commonly  occurring
surcharge loads. Trying to analyze every possible scenario would not
only be time consuming but not very practical. For normal situations.
a surcharge load of 300 psf spreadover the width of the traveled way
should be sufficient.

The following example compares the pressure diagrams for a HS20 truck.
(using point loads) centered in a 12' lane to a load of Q = 300 psf
(using the Boussinesq Strip method). The depth of excavation is 10'.
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CONCLUSION: Strip load of Q = 300 psf compares favorably to a point
load evaluation for HS20 truck loadings.
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SAMPLE PROBLEM NO. 8 - SURCHARGE LOADS

* Minimum construction surcharge load.

Add soil pressures to sum of surcharge loads to derive combined
pressure diagram.
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SURCHARGES

ALTERNATIVE SURCHARGE LOADING

An acceptable alternative to the Boussinesq analysis consists of
imposing imaginary surcharges behind the shoring such that the
resulting pressure diagram is a rectangle extending to the computed
depth of the shoring members and of a uniform width of 100 psf.
This 100 psf loading is analogous to the 72 psf pressure diagram
used for minimum surcharge loading.

Generally, traffic and equipment surcharge loads beyond the limits
of an inclined plane rising at an angle of 1.0 horizontal to 1.0
vertical from the bottom of the excavation may be ignored. Other
loadings due to structures, or stockpiles of soil, materials or
heavy equipment will need to be considered separately.
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Railroads adjacent to an excavation will result in very large
surcharge pressures, and since railroad loadings are consideredto
be a dynamic load, the short term load duration overstress factor of
1.33 cannot be used, Note also that wall friction (6) is not allowed
for basic earth pressure computations.

The American Railway Engineering Association (AREA) specifies the use
of a Boussinesq Formula for a railroad surcharge.  The Southern Pacific
Transportation Company (SPTC) concluded that values given by the AREA
Boussinesq Formula were not realistic, (the maximum pressure was too
high and occurred to on near the ground surface) so they developed their
own live load surcharge earth pressure curve. The pressures from the
SPTC curve are about half those given by the AREA Boussinesq curve.
The SPTC curve is a part of the SPTC Supplement to Section 20a of the
AREA specifications (See Appendix C). The SPTC curve, for Cooper E72
and E80 railroad loadings, is shown on the next page.

The SPTC Live Load Surcharge curve is to be used for all railroads.
Note that all major railroads now require E80 design.

For a simplified engineering analysis (H < l0'), the railroad loading
surcharge pressure may be assumed rectangular with an ordinate (Ps)
equal to 0.8 of the maximum. pressure ordinate as given by the
appropriate railroad curve. When using the railroad live load curves,
the plot of the curve starts at the top of the railroad roadbed (bottom
of ties), The portion that is used extends from the top of the
excavation to the bottom of the shoring system. Depth of ballast may
normally be assumed to be 1.5 feet.
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TABULAR VALUES FOR STRIP LOADS

The following- tabular values may be used to obtain horizontal
pressures due to surcharge loadings.

Tabular values are for a Boussinesq strip surcharge of Q = 300 psf
for a length of surcharge beginning at the face of the excavation (Lo)
to the end of the strip load (L2). Surcharge pressures are listed for
one foot increments of excavation to a depth of 20 feet.

For surcharges not beginning at the face of the excavation (L1
subtract tabular values for distance L1 from the tabular values for
L2. Prorate other Q values by using the ratio Q/300 (difference in
L values).

Note: When Lo = 0, the pressure at h = 0 is Q (300 psf).

EXAMPLE:

Begin Boussinesq strip load 6 feet from excavation, L1 = 6'
End Boussinesq strip load 20 feet from excavation, L2 = 20'
Surcharge load Q = 250 psf
Determine surcharge pressure at h = 12'
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PRESSURE AT DEPTH h FOR UNIFORM LOADINGS FROM Lo TO L1 OR L2

TABLE 18 
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PRESSURE AT DEPTH h FOR UNIFORM LOADINGS FROM Lo TO La or L2

TABLE 18
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PRESSURE AT DEPTH h FOR UNIFORM LOADINGS FROM L0 TO Li or L2

TABLE 18
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TABLE 18
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PRESSURE AT DEPTH h FOR UNIFORM LOADINGS FROM Lo TO L1 or L2
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TABLE 18
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PRESSURE AT DEPTH h FOR UNIFORM LOADING FROM Lo TO L1 or L2

TABLE 18
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PRESSURE AT DEPTH h FOR UNIFORM LOADINGS FROM Lo TO Ll or La

TABLE 18
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PRESSURE AT DEPTH h FOR UNIFORM LOADINGS FROM Lo TO L1 or L2

TABLE 18
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PRESSURE AT DEPTH h FOR UNIFORM LOADINGS FROM Lo TO L1 or L2
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EXAMPLE OF ALTERNATIVE  SURCHARGE AND TABULAR VALUES:
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BOUSSINESQ STRIP LOAD PROGRAM
FOR HP 11C
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